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IN-DEPTH REVIEW

Future advances in work-related asthma and
the impact on occupational health

Jean-Luc Malo

Abstract

Work-related asthma (WRA) and WRA-like conditions refer to all situations in which asthma or
asthma-like syndromes occur or worsen in the workplace. This occurs in ~10% of all adult-onset
asthma subjects. Occupational asthma (OA) is a specific type of WRA that is ‘caused’ by the
workplace, being mediated either by an allergic process with a latency period or by a non-allergic
irritant-induced mechanism. Personal asthma can also ‘worsen’ at work (work-aggravated or exac-
erbated asthma), the reasons, mechanisms, extent and consequences of this situation being un-
known. The author reviews various aspects of WRA with an emphasis on OA (about which more
is known) and proposes key issues that need to be further studied, proposed and applied in at-risk
workplaces in order to improve recognition, diagnosis and management of this condition. OA
represents a unique situation that, unfortunately, is only very rarely provided to health-care pro-
viders: affected workers can be cured with minimal impact on quality of life. All efforts should be
made to achieve this goal at an affordable socio-economic cost.

Introduction

Asthma, along with diseases due to asbestos exposure, is
the most common occupational respiratory disease [1,2].
Nearly 10% of all adult-onset asthmatic subjects report
that their asthma is worse at work [3]. Because asthma is
a common chronic disease, it is relevant to rule out the
possibility that it is caused by occupation, in the same way
household environmental causes are examined. Although
there are various means to ascertain the diagnosis, they
are used either insufficiently [4] or incorrectly. While
surveillance programmes are commonly mandatory in
workers exposed to inorganic dusts causing pneumo-
coniosis, they are seldom proposed for work-related
asthma (WRA).

This article will focus on some key issues that might
well be developed in future years and have an impact
on occupational health. The items that will be presented
are summarized in Table 1.

Definition and classification

WRA refers to at least two nosological entities [5]
(Figure 1). The first is occupational asthma (OA) as such,
defined as a type of asthma ‘caused’ by the workplace.
The causal mechanism can be either allergic, for asthma
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that occurs after a latency period needed to acquire aller-
gic sensitization, or irritant induced, as in the case of
accidental inhalational exposure to products with irritant
properties encountered in the workplace. The second en-
tity is personal asthma that apparently ‘worsens’ at work
due to other causes (work-aggravated or exacerbated
asthma). So little is known about the latter condition that
it is the author’s impression that almost everything needs
to be done in terms of diagnosis, epidemiology, socio-
economic issues, etc. Finally, although not included in
WRA as such, there are several variants of asthma that
are related to working conditions, such as potroom
asthma and grain dust fever. These apparently share at
least one or more ‘asthmatic’ features but cannot be
considered WRA conditions.

More attention has been directed to the allergic type of
OA than to other forms of WRA, thanks to the pioneering
work of Pepys and Bernstein [6]. In recent years, some,
but still too little, attention has been focused on the other
type of OA, that is non-allergic irritant-induced asthma
[7-9]. In particular, we do not know whether multiple
irritant exposures at lower concentrations can result in
the same damage as a single high-level exposure. Objec-
tive evidence of worsening of asthma at work (work-
aggravated or exacerbated asthma) is generally anecdotal.
Workers report that their asthma is worse at work and
they use bronchodilators on demand. However, as a rule,
there is no documented objective evidence of this wors-
ening. Nor do we know whether this temporary effect
results in long-term deterioration of asthma with more
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Table 1. Key issues and possible developments in work-related asthma (WRA)

Domain Key issues Possible developments

Definition Where does work-aggravated or exacerbated asthma Research more focused on irritant-induced OA
stand in relation to asthma caused by the Examine all aspects of asthma aggravated or
workplace (OA)? exacerbated by the workplace

Physiopathology What are the genetic determinants? WRA becomes an ideal model for examining the
Do neutrophils play a role? epigenetics (environment—gene interaction) of asthma
How do low-molecular-weight agents cause OA? Chemicals are targeted as possibly asthmagenic
Can this be predicted? before entering the workplace
What is the mechanism of irritant-induced OA? Early treatment can make cure feasible in the case of

irritant-induced asthma
Workplace Lowering exposure is the first target Standards for maximum concentrations set for key
environment Interaction of common pollutants, endotoxins and occupational allergenic products

Epidemiology and
surveillance

Diagnosis

workplace ‘allergenic’ products

Longitudinal data give key information on
worldwide trends in frequency and nature of
occupational agents

Should surveillance be proposed and, if so, when
inrelation with entering the workplace?

Focus on early diagnosis and referral

Insufficiently and incorrectly diagnosed condition in

Lowering the levels of non-specific irritants will
lower the frequency of sensitization to occupational
agents

Worldwide databases to be made available

Simple and affordable means (biological,
psychological) to identify and characterize cases early
and surveillance programs tested in the first 2 years

Objective means and new tests more widely used

most countries; based too often on responses to

questionnaires only

Medicolegal and
socioeconomic aspects

Protection and management of workers insufficient;
mandatory advice to stop or at least reduce exposure

Assessments of socioeconomic impacts of OA
worldwide to be carried out. Permanent disability
scales to be re-visited. Efforts to be made to cure the
disease

Asthma and Asthma-Like Syndromes

in the Workplace
Asthma Caused Asthma Aggravated Asthma-Like
by the Workplace or Exacerbated Conditions
(Occupational Asthma) by theWorkplace

Allergic, with
a Latency Period

Non-Allergic, without
a Latency Period

{

Irritant-Induced Asthma
or
Reactive Airways
Dysfunction Syndrome

Figure 1. Asthma and asthma-like syndromes in the workplace.

airway obstruction, hyperresponsiveness and inflamma-
tion. If such an effect is demonstrated, it will change our
approach to treating asthmatic subjects who experience
worsening of asthma at work. More information on the
pathophysiology and pathological airway changes that oc-
cur in variants of asthma at work (as discussed earlier)
may change our approach to these conditions. To what
extent should these conditions be classified in the
‘asthmatic’ category? What features do they really share
with asthma?

Mechanisms

Recent tremendous and overwhelming developments in
the genetics of disease have not yet contributed to signif-
icant breakthroughs in the specific cases of asthma and,
consequently, OA. Much information remains fragmen-
tary, unconfirmed and unreplicated [10]. As reviewed
[11], only a few HLA polymorphisms have been sus-
pected of being associated with certain types of OA
caused by chemical agents, and in those cases, the find-
ings have not necessarily been replicated.

As for asthma, the recent focus has been on the role of
cytokines and other cells such as neutrophils [12-14],
besides lymphocytes and eosinophils, which are recog-
nized as key cells in asthma. Whereas endotoxins seem
to exert a protective effect in the development of asthma
[15], they seem to be associated with the presence of
symptoms in animal handlers who are not sensitized to
animal-derived allergens [16]. The asthmagenic mecha-
nism of low-molecular-weight agents that currently rep-
resent at least half of the agents causing OA (see
www.asthme.csst.qc.ca and www.asmanet.com) is still
lacking for most agents [17]. The asthmagenic potential
of these low-molecular-weight agents (chemicals) has just
begun to be explored [18,19]. Whereas an IgE-mediated
mechanism has clearly been demonstrated for high- and
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some low-molecular-weight occupational agents, IgG
levels, in particular IgGG4, can also be increased, as a con-
sequence of exposure, the disease or both [17]. Epithelial
shedding and airway remodelling are features of irritant-
induced asthma [9].

It would be of great interest to initiate studies in epi-
genetics, a science that examines stable alteration in gene
expression, a potential that derives during development
and cell proliferation. WRA can therefore become a suit-
able model to examine environmental-genetic inter-
actions. Psychological factors that may favour the onset
of the symptomatology of WRA should be documented,
especially for asthma exacerbated by the workplace. If
endotoxins exert a protective role in the development of
asthma and, possibly, of WRA, it would be worthwhile
to consider environmental approaches that, together with
occupational allergen reduction, would diminish the risk
of developing WRA. The asthmagenic properties of new
chemicals entering workplaces, as well as of repeated
exposures at work to products with irritant properties
generated in peaks, warrant assessment. Examining bi-
opsy samples of subjects with apparently cured OA might
yield information on the possibility that inflammation
still persists together with airway remodelling. The role
of epithelial and fibrogenic factors in irritant-induced
asthma should be examined [20,21].

Environmental exposure

Exposure is the most important determinant of WRA.
However, the best method to characterize the environ-
ment in relation to WRA (relevance of mean and peak
exposures) is still open to debate [22]. Monitoring should
include not only inhalable material but also, possibly,
material that can be absorbed through the skin, as there
is a suggestion that this can occur [23,17]. As for isocya-
nates more specifically, all isocyanate functions should
be considered in environmental monitoring since these
agents can cause asthma whether they exist as monomers
or polymers [24]. Many studies have convincingly dem-
onstrated an interaction between pollutants and allergens
in promoting sensitization and non-OA. This is probably
the situation for occupational allergens as well, but we
have no information on this issue.

Monitoring of the workplace environment has an im-
portant consequence in terms of prevention and of the
establishment of prevention programmes (see subse-
quently). Although environmental standards have been
proposed for some occupational agents such as wheat
dust [22] and isocyanates, such standards should be
proposed for all commonly encountered occupational
agents that may cause WRA.

Epidemiology and health surveillance

Frequency of WRA has been examined in case series and
at-risk populations through cross-sectional surveys that

generated prevalence figures. Incidence data obtained
from sentinel projects [2,25], national data statistics
[26] and prospective studies in the general population
[27] and at-risk populations [28] are now more widely
available. Such information is representative of trends in
disease frequency and also gives important clues on the
nature of agents that cause OA and that can vary with
time. A meta-analysis has shown that ~10% of all adult-
onset asthma can be attributed to the workplace [3].
Very few surveillance programmes have been carried
out [29,30]. Although WRA is common (as discussed
previously), there are those who wonder if health sur-
veillance would really be useful and effective in WRA
[30]. Although two programmes have proved to be
effective—in workers exposed to enzymes in a large in-
dustry [31] and in health workers who are currently less
exposed to latex due to the use of latex-free or -reduced
and powder-free gloves [32]—the usefulness of a pro-
gramme in workers exposed to isocyanates showing a re-
duction in the number of cases might be questioned
on the grounds that such a reduction in cases of OA
due to isocyanates has also been documented in other
countries where no surveillance programme was applied
[33]. As regards primary prevention, it is evident that
atopy should not be a proposed marker because it is too
common, with ~50% of young atopic adults entering
at-risk occupations [34] and in the general population.
The natural history of OA is different for high- and low-
molecular-weight agents: with high-molecular-weight
agents, most cases become sensitized in the first 2 years
after starting exposure [35], whereas symptoms generally
develop more slowly with low-molecular-weight agents
[36]. Workers can develop symptoms at any time during
their careers, which makes all surveillance programmes
difficult to apply. The efficacy of such prevention pro-
grammes may be greatly hampered by psychological
and cultural factors. Regarding secondary prevention,
cases have to be identified early, as it is well known that
in cases of OA with a latency period, the earlier the
worker is removed from the workplace, the more likely
she/he is to be cured [30]. This, of course, does not apply
to irritant-induced OA, for which measures to reduce
the likelihood of accidental inhalational episodes should
be proposed.

Better field means should be developed by molecular
biologists for the early identification of cases of sensitiza-
tion to occupational agents. Surveillance programmes
combining an environmental approach with a multidisci-
plinary health intervention should be proposed in high-
risk workplaces in order to diminish the impact, though
probably (and unfortunately) not the incidence of the
disease. Research on behavioural aspects related to risk
has to be encouraged in order to change self-perceptions
on risk [37]. Prospective cohorts of apprentices or work-
ers starting in high-risk fields need to be assembled to
better examine the natural history of sensitization to oc-
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cupational agents, OA and asthma. National databases
should be set up to serially examine the trends in the
disease worldwide.

Diagnosis

When expensive and sophisticated diagnostic methods
are available for most health conditions, OA too often
remains undiagnosed [27] and incorrectly or insuffi-
ciently investigated by clinical and functional means.
Diagnosis of OA is based on a stepwise approach: ques-
tionnaire, immunological assessment (when relevant
and feasible), lung function and inflammatory tests
and specific inhalation challenges [38]. Contrary to
common belief, such investigation is not unduly expen-
sive when measured against the fruitfulness of the ap-
proach. Although the validity of some tests, such as
peak-flow monitoring [39] and specific inhalation chal-
lenge [40], has been examined in several studies, ques-
tionnaires and inflammatory tests have not been
thoroughly evaluated. Questionnaires are more helpful
in the case of high- than low-molecular-weight agents, as
the former agents often cause nasoconjunctival symp-
toms as well [41]. The diagnosis of OA should be con-
firmed by objective evidence because it has important
health and socio-economic consequences, as when ad-
vising young individuals to change careers or to stay at
work, with the possibility that their asthmatic condition
might worsen and lead to permanent sequelae. OA is too
often diagnosed only by examining answers to a ques-
tionnaire and information on possible ‘sensitizers’ in the
workplace, which is unacceptable by comparison with
fancy and expensive diagnostic means used for other
health conditions. Improved methodology has been
proposed for specific inhalation challenges, which, for
many, represent the ‘gold standard’ of diagnostic tools,
and the accuracy and safety of such tests have been
assessed. Tests such as induced sputum examination,
which reflects the status of inflammation, should no lon-
ger be reserved for research but now be proposed for
clinical diagnosis [42]. Diagnosis of irritant-induced
asthma will remain dependent on a clinical history and
on the persistence of airway obstruction and/or hyper-
responsiveness [9].

Diagnostic services for WRA should be more widely
available and used, especially in remote centres. Objec-
tive tests can be performed at large centres, but the in-
terpretation should be referred to highly specialized
centres. Specific inhalation challenges should be carried
out according to quality control standards in selected
certified centres.

Medicolegal and socio-economic aspects

Although OA is a condition that is under the jurisdiction
of medicolegal authorities in most countries [43], exam-

ination of cases is often unsatisfactory and takes time.
The protection offered to workers is generally inade-
quate. Affected workers frequently continue to be ex-
posed or, if not, encounter serious socio-economic
losses [44-46]. Workers with OA are generally young
and retraining is often mandatory.

Diagnosis should be made precisely and with minimal
delays to provide accurate and efficient advice. Once the
diagnosis is made, the worker should be assessed and
a suitable readaptation programme offered. In young
individuals, this might mean returning to school to com-
plete undergraduate studies and entering professional
programmes in which, ideally, they are no longer exposed
to the causal agent. If such proposals are made, it has
been estimated that the quality of life of workers with
OA will be satisfactory [47], and at an acceptable socio-
economic cost [43]. The advice to the workers should
minimally be to reduce exposure if complete removal
cannot be achieved, although it should be clearly stated
that deaths have been reported in subjects who remain
exposed [48]. Interestingly, persisting airway obstruction
after removal from exposure to the causal agent does not
seem to have a major impact on the capacity of workers
with OA to find a new job, but education, age (young or
old) and working in small companies do [49]. The out-
come of workers whose asthma symptoms are aggravated
at work is unsatisfactory, as many leave the workplace
even after being told that they do not suffer from OA
[46]. As mentioned earlier, considerable research has to
be carried out to identify the factors that incite these
workers to leave work and propose remedies. Inadequate
control of ‘personal’ asthma may be one of these factors,
and appropriate treatment of the asthmatic condition
should be determined and applied.

The natural history of OA after removal from exposure
shows that the majority of workers present symptoms and
functional abnormalities even after they are completely
removed from exposure. Even in apparently cured sub-
jects, airway inflammation can still persist long after stop-
ping exposure [14]. Early treatment with inhaled anti-
inflammatory agents can hasten improvement [50]. In
the case of OA with a latency period, the maximum im-
provement occurs in the first 2 years or so after stopping
exposure, but there is still improvement, though at
a slower pace, thereafter [51]. In the case of irritant-in-
duced asthma, the pattern of improvement seems similar
to OA with a latency period, at least in the first 2 years
after the inhalational accident [52].

There should also be provisions to allocate permanent
disability to workers left with permanent asthma, al-
though this has a much lesser impact than accurate
readaptation programmes judiciously applied in the first
2 years after cessation of exposure. A scale based on the
need for medication, airway calibre and responsiveness
has been proposed [53] and now adopted by official
organizations [54,55]. The handicap of not being able
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to carry on one’s usual work should also be considered in
the compensation scheme.

More cost—benefit data on the socio-economic impact
of OA should be gathered worldwide. What are the
functional consequences of reducing exposure if inhaled
steroids at acceptable doses are prescribed? Optimal
readaptation scheme programmes should be proposed
to affected workers in order to minimize the impact of
the condition. The validity of including other items be-
sides airway calibre and responsiveness, as well as the
need for asthma medication, in the permanent disability
assessment should be explored. These include psychoso-
cial impact assessed by specific questionnaires, as well as
quality of life.

Conclusion

For a long time, asthma was considered a benign condi-
tion until society as a whole became aware of its sizeable
impact in terms of frequency, morbidity and even mor-
tality. WRA unfortunately still suffers from the same de-
nial, probably because other work-related occupational
lung diseases such as pneumoconiosis and cancers may
have a greater health impact. However, OA is a condition
that can be cured if the diagnosis is made rapidly. It can
have minimal impact on one’s health and life if adequate
readaptation is proposed. Finally, OA usually affects
young people, so efforts to cure it have a long-term ef-
fect. To date, OA with a latency period has warranted
the most attention. Other conditions, such as irritant-
induced asthma and asthma aggravated or exacerbated
at work, should now drive our research and manage-
ment efforts.

Acknowledgements

The author is grateful to Olivier Vandenplas for his extremely
stimulating and valuable advice and to Lori Schubert for
reviewing the manuscript. Many of the ideas expressed in the
manuscript were discussed at the 2nd Jack Pepys Occupational
Asthma Workshop in Toronto, Canada, in May 2004. The
author is grateful to all participants for exchanging ideas on
these issues. The author also co-edited, with Olivier Vanden-
plas from Yvoir, Belgium, a series entitled ‘Controversies in
Occupational Asthma’, which was published in the European
Respiratory Journal in 2003. This series has also greatly in-
spired his views.

Conflicts of interest

None declared.

References

1. Bernstein IL, Chan-Yeung M, Malo JL, Berstein D.
Asthma in the Workplace, 2nd edn. New York: Marcel
Dekker, 1999.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. McDonald JC, Keynes HL,, Meredith SK. Reported inci-

dence of occupational asthma in the United Kingdom,
1989-97. Occup Environ Med 2000;57:823-829.

. Blanc PD, Toren K. How much asthma can be attributed

to occupational factors? Am F Med 1999;107:580-587.

. Ameille J, Pauli G, Calastreng-Crinquand A ez al. Reported

incidence of occupational asthma in France, 1996-99.
Occup Environ Med 2003;60:136—-142.

. Vandenplas O, Malo JL. Definitions and types of work-

related asthma: a nosological approach. Eur Respir ¥
2003;21:706-712.

. Pepys ], Bernstein IL. Historical aspects of occupational

asthma. In: Bernstein IL, Chan-Yeung M, Malo JL,
Bernstein DI, eds. Asthma i the Workplace, 2nd edn.
New York: Marcel Dekker, 1999; 5-26.

. Brooks SM, Weiss MA, Bernstein IL.. Reactive airways dys-

function syndrome (RADS); persistent asthma syndrome
after high level irritant exposures. Chest 1985;88:376—384.

. Das R, Blanc PD. Chlorine gas exposure and the lung:

a review. Toxicol Ind Health 1993;9:439-455.

. Gautrin D, Bernstein IL, Brooks S. Reactive airways dysfunc-

tion syndrome, or irritant-induced asthma. In: Bernstein IL,
Chan-Yeung M, Malo JL, Bernstein DI, eds. Asthma in the
Workplace. New York: Marcel Dekker, 1999; 565-593.
Mapp CE. The role of genetic factors in occupational
asthma. Eur Respir J 2003;22:173-178.

Taylor AJ. HLA phenotype and exposure in development
of occupational asthma. Ann Allergy Asthma Immunol
2003;90(Suppl. 2):24-27.

Lemiére C, Romeo P, Chaboillez S, Tremblay C, Malo JL.
Airway inflammation and functional changes after expo-
sure to different concentrations of isocyanates. ¥ Allergy
Clin Immunol 2002;110:641-646.

Anees W, Huggins V, Pavord ID, Robertson AS, Burge PS.
Occupational asthma due to low molecular weight agents:
eosinophilic and non-eosinophilic
2002;57:231-236.

Maghni K, Lemiére C, Ghezzo H, Yuquan W, Malo JL.
Airway inflammation after cessation of exposure to agents
causing occupational asthma. Am § Respir Crit Care Med
2004;169:367-372.

Braun-Fahrlander C, Riedler J, Herz U er al. Environ-
mental exposure to endotoxin and its relation to asthma
in school-age chidren. N Engl ¥ Med 2002;347:869-877.
Pacheco KA, McCammon C, Liu AH ez al. Airborne en-
dotoxin predicts symptoms in non-mouse sensitized tech-
nicians and research scientists exposed to laboratory mice.
Am § Respir Crit Care Med 2003;167:983-990.

Sastre J, Vandenplas O, Park HS. Pathogenesis of occupa-
tional asthma. Eur Respir ¥ 2003;22:363—-373.

Graham C, Rosenkranz HS, Karol MH. Structure-activity
model of chemicals that cause human respiratory sensit-
ization. Regul Toxicol Pharmacol 1997;26:296-306.

Agius RM. Why are some low-molecular-weight agents
asthmagenic? Occup Med State Art Rev 2000;15:369-384.
Demnati R, Fraser R, Ghezzo H, Martin JG, Plaa G, Malo
JL. Time-course of functional and pathological changes
after a single high acute inhalation of chlorine in rats. Eur
Respir ¥ 1998;11:922-928.

variants. Thorax



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

J.-L. MALO: FUTURE ADVANCES IN WORK-RELATED ASTHMA 611

Martin JG, Campbell HR, Iijima H ez al. Chlorine-induced
injury to the airways in the mouse. Am F Respir Crit Care
Med 2003;168:568-574.

Heederik D. Are we closer to developing threshold limit
values for allergens in the workplace? Curr Opin Allergy Clin
Immunol 2001;1:185-189.

Beck LA, Yeung DY. Allergen sensitization through the
skin induces systemic allergic responses. ¥ Allergy Chn
Immunol 2000;106:S258-S263.

Vandenplas O, Cartier A, Lesage J et al. Prepolymers of
hexamethylene diisocyanate as a cause of occupational
asthma. ¥ Allergy Clin Immunol 1993;91:850—861.

Jajosky RAR, Harrison R, Reinisch F ez al. Surveillance of
work-related asthma in selected U.S. states using surveil-
lance guidelines for state health departments—California,
Massachusetts, Michigan and New Jersey. Morb Mortal
Wkly Rep 1999;48(SS-3):1-20.

Toren K, Brisman J, Olin AC, Blanc PD. Asthma on the
job: work-related factors in new-onset asthma and in exac-
erbations of pre-existing asthma. Respir Med 2000;94:
529-535.

Milton DK, Solomon GM, Rosiello RA, Herrick RF.
Risk and incidence of asthma attributable to occupational
exposure among HMO members. Am J Ind Med 1998;
33:1-10.

Malo JL, Chan Yeung M. Occupational asthma. ¥ Allergy
Chlin Immunol 2001;108:317-328.

Tarlo SM, Liss GM. Can medical surveillance measures
improve the outcome of occupational asthma? F Allergy
Chn Immunol 2001;107:583-585.

Cullinan P, Tarlo S, Nemery B. The prevention of occupa-
tional asthma. Eur Respir ¥ 2003;22:853-860.

Cathcart M, Nicholson P, Roberts D er al. Association for
the Medical Subcommittee of the UK Soap and Detergent
Industry. Enzyme exposure, smoking and lung function in
employees in the detergent industry over 20 years. Occup
Med (Lond) 1997;47:473-478.

Allmers H, Schmengler J, Skudlik C. Primary prevention
of natural rubber latex allergy in the German health care
system through education and intervention. ¥ Allergy Clin
Immunol 2002;110:318-323.

Tarlo SM, Liss GM. Diisocyanate-induced asthma: diag-
nosis, prognosis, and effects of medical surveillance meas-
ures. Appl Occup Environ Hyg 2002;17:902-908.

Gautrin D, Infante-Rivard C, Dao TV, Magnan-Larose M,
Desjardins D, Malo JL. Specific IgE-dependent sensit-
ization, atopy and bronchial hyperresponsiveness in ap-
prentices starting exposure to protein-derived agents. Am
F Respir Crit Care Med 1997;155:1841-1847.

Gautrin D, Ghezzo H, Infante-Rivard C, Malo JL. Natural
history of sensitization, symptoms and diseases in appren-
tices exposed to laboratory animals. Eur Respir ¥ 2001;
17:904-908.

Malo JL, Ghezzo H, D’Aquino C, L’Archevéque ],
Cartier A, Chan-Yeung M. Natural history of occupational
asthma: relevance of type of agent and other factors in the
rate of development of symptoms in affected subjects.
¥ Allergy Clin Immunol 1992;90:937-944.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Coppieters Y, Nemery B, Piette D. Etude bibliographique
de Pefficacité des actions de prévention de I’asthme pro-
fessionnel. Santé Publique 2003;15:423-435.

Chan-Yeung M, Malo JL. Occupational asthma. N Engl ¥
Med 1995;333:107-112.

Burge PS, Moscato G. Physiologic assessment: serial
measurements of lung function. In: Bernstein IL, Chan-
Yeung M, Malo JL, Bernstein DI, eds. Asthma in the Work-
place, 2nd edn. New York: Marcel Dekker, 1999; 193-210.
Vandenplas O, Malo JL. Inhalation challenges with agents
causing occupational asthma. Eur Respir § 1997;10:
2612-2629.

Malo JL, Lemiére C, Desjardins A, Cartier A. Prevalence
and intensity of rhinoconjunctivitis in subjects with occu-
pational asthma. Eur Respir ¥ 1997;10:1513-1515.

Girard F, Coté ], Boulet LP, Tarlo S, Hargreave FE,
Lemiére C. Role of induced sputum in the investigation of
occupational asthma. Am F Respir Crit Care Med (in press).
Dewitte JD, Chan-Yeung M, Malo JL. Medicolegal and
compensation aspects of occupational asthma. Eur Respir
¥ 1994;7:969-980.

Gannon PFG, Weir DC, Robertson AS, Burge PS. Health,
employment, and financial outcomes in workers with
occupational asthma. Br ¥ Ind Med 1993;50:491-496.
Ameille J, Parion JC, Bayeux MC er al. Consequences of
occupational asthma on employment and financial status:
a follow-up study. Eur Respir ¥ 1997;10:55-58.

Larbanois A, Jamart J, Delwiche JP, Vandenplas O. Socio-
economic outcome of subjects experiencing asthma symp-
toms at work. Eur Respir ¥ 2002;19:1107-1113.

Malo JL, Dewitte JD, Cartier A et al. Quality of life of
subjects with occupational asthma. ¥ Allergy Clin Immunol
1993;91:1121-1127.

Ortega HG, Kreiss K, Schill DP, Weissman DN. Fatal
asthma from powdering shark cartilage and review of
fatal occupational asthma literature. Am ¥ Ind Med 2002;
42:50-54.

Vandenplas O, Toren K, Blanc P. Health and socio-
economic impact of work-related asthma. Eur Respir ¥
2003;22:689-697.

Malo JL, Cartier A, Coté J et al. Influence of inhaled ste-
roids on the recovery of occupational asthma after cessa-
tion of exposure: an 18-month double-blind cross-over
study. Am ¥ Crit Care Respir Med 1996;153:953-960.

. Malo JL, Ghezzo H. Recovery of methacholine responsive-

ness after end of exposure in occupational asthma. Am ¥
Respir Crit Care Med 2004;169:1304-1307.

Malo JL, Cartier A, Boulet LP et al. Bronchial hyperres-
ponsiveness can improve while spirometry plateaus two
to three years after repeated exposure to chlorine causing
respiratory symptoms. Am F Respir Crit Care Med
1994;150:1142-1145.

Chan-Yeung M, Malo JL. Occupational asthma. Chest
1987;91:130S-136S.

American Thoracic Society. Guidelines for the evaluation
of impairment/disability in patients with asthma. 4m Rev
Respir Dis 1993;147:1056-1061.

American Medical Association. Asthma. In: Guides to the
Evaluation of Permanent Impairment, 5 edn, 2001; 102—-105.



